ABSTRACT.--A critical assumption of many of the current discussions of parent-offspring conflict and sibling competition is that the begging behavior of nestling birds is costly, either in terms of energetics or increased risk of predation. I measured the energetic expenditures associated with the begging of nestling birds using closed-chamber respirometry and found this cost to be surprisingly low. Active metabolic rate (AMR) while begging was 1.05 times the resting metabolic rate (RMR) in European Starlings (Sturnus vulgaris) and 1.27 times the resting metabolic rate in Tree Swallows (Tachycineta bicolor). The cost of 1 s of begging was 0.001 J/g in European Starlings and 0.008 J/g in Tree Swallows; this cost increased with age for all nestlings. Results of measurements on five other species are consistent with these values. The ratio of AMR:RMR did not change with ambient temperature for either Tree Swallows or European Starlings, but data for all seven species pooled did show a significant decrease in energetic costs with temperature. The amount of time spent begging had a negligible effect on cost for both Tree Swallows and European Starlings. Likewise, the intensity of the begging display had no effect on the AMR:RMR ratio in either species alone, but was positively correlated for the seven species pooled. Compared to the energy requirements for other avian behaviors, the cost of begging is low. Most discussions of the evolution of begging behavior in nestling birds have assumed that begging is costly. Based on my results, the assumption that begging is energetically costly needs to be reexamined and, until then, conclusions of models dependent on this assumption should be considered tentative. Given the interest in models incorporating estimates of the cost of begging, it is important to have empirical support for the assumption that begging is costly. In this paper, I present data on the energetics of begging in several species of passefine nestlings and discuss the importance of begging as a potential drain on the energy budget of these nestlings. METHOD5 
Measurements of nestling metabolism began 30 to 90 min after nestlings were removed from their nest. Nestlings were placed in a glass metabolic chamber (volume of 900 or 2,900 ml) for 5 to 10 min before beginning a trial. Nestlings willing to beg in response to artificial stimuli were too young to exhibit a visible fear response and immediately settled down in the chamber (pers. obs.). To minimize the amount of time nestlings were away from the nest, the acclimation period was limited to 10 min. A series of trials of two consecutive measurements of resting metabolic rate showed no change in metabolic rate with longer acclimation periods (n = 19, paired t-test, t = 1.16, P = 0.263); thus, a 10-min period is sufficient. Metabolic chambers were at the same temperature as the box in which the nestlings were transported, so a longer acclimation period was not required for the nestlings to adjust to the chamber temperature. Chamber temperatures and nestling body temperatures were measured using Type-T thermocouples and an Omega HH-25 Digital Thermometer (Omega Engineering, Inc., Stamford, Connecticut).
Trials were done at a chamber temperature between 23 ø and 28øC. After the acclimation period, the chamber was sealed and an initial air sample taken with a syringe. The chamber was left sealed for 10 or 15 min, depending on the mass of the chicks and chamber volume (with length of the trial increasing with chamber volume and decreasing with nestling mass). The duration of any begging behavior during this period was recorded to the nearest 1 s. Any nonbegging measurements where the percentage of time spent begging was greater than 10% were eliminated. After 10 to 15 min, a second air sample was taken and the chamber ventilated. After 5 to 10 min the chamber was sealed again, and an initial air sample was taken.
During this second period, I stimulated begging in the chicks by tapping, moving, and/or shading the chamber. The duration of begging behavior was recorded to the nearest 1 s and the percentage of time spent begging was calculated.
If any begging occurred during the nonbegging trial, an adjustment of the percentage of time spent begging was made by subtracting the percentage of the first measurement spent begging from the percentage spent begging during the second measurement. Only trials where the adjusted percentage of time spent begging was greater than 10% were included. "Begging intensity" was measured as the mean length of begging bouts during the begging measurement, where a "begging bout" was defined as a period of display of 2 s or more, bracketed by nondisplaying periods of at least 2 s. The duration of begging bouts is correlated to other qualitative and quantitative measures of begging intensity (Smith and Montgomerie 1991, Redondo and Castro 1992). After 5 to 15 min, a second air sample was taken, and the chamber was ventilated. Nestlings were returned to their nests after testing. Nestlings were absent from the nest for 1 to 3 h, and no mortality was observed to be associated with this procedure.
The percent oxygen in each sample was measured using an Amatek N-22 Oxygen Sensor (Amatech, Inc., Pittsburgh, Pennsylvania) and either an Amatek S-3A/1 Oxygen Analyzer (1991) or an Applied Electrochemistry, S-3A Oxygen Analyzer (1992; Applied Electrochemistry Inc., Sunnyvale, California). Constant flow rate through the sensor was maintained using a Harvard Apparatus Infusion Pump (1991) or a Razel Scientific Syringe Pump (1992). In all cases, the decrease in oxygen concentration was held to less than 1%. VO2 was calculated using equations from Vleck (1987) The energetic cost of begging for nestlings with different begging rates can be determined by multiplying the rate of begging, in seconds begging per hour, by the incremental cost of begging, I(J.gThe incremental cost of begging is defined as:
where B is the rate of begging expressed as seconds of begging per hour, and AMR and RMR are as defined above. This value (I) also can be converted into a ratio reflecting the instantaneous cost of begging, C•, by using:
where RMR• (in seconds) is resting metabolic rate expressed on a per second basis (J.g-•-s-X). The instantaneous cost provides an index of the degree to which nestlings are exerting themselves while actually performing a begging display. Costs of other avian activities were taken from published sources giving active and resting metabolic rates, or the ratio of 
RESULTS
Energetic cost of begging.--For seven passerines, little difference among species was found in the mean resting metabolic rate, active metabolic rate, scope, and percentage of time spent begging (Table 1) . Since five of the species are represented by measurements on three or fewer individuals, much of the following discussion will focus on the Tree Swallow (n = 13) and the European Starling (n = 7), or on pooled data from all seven species (n = 28). Begging metabolic rates were significantly higher than resting metabolic rates for Tree Swallows (Wilcoxon signed ranks test, Z = 1.99, one-tailed, P = 0.023) but not for European Starlings (Z = 0.845, one-tailed, P = 0.199). When all species in Table  1 tionship was found between age and AMR:RMR ratio for Tree Swallows or European Starlings (Fig. 1) . The incremental cost of begging, I, increased with age in Tree Swallows and European Starlings (Fig. 2) . The percent time spent begging during each trial did not change with age in Tree Swallows (Fig. 3A) , but the intensity of begging did increase with age ( Table  1 are pooled, the cost of begging shows a significant decrease with temperature (Fig. 4) .
A negative effect of temperature on the percentage of time spent begging in Tree Swallows was found (Fig. 5A) . Begging intensity in Tree Swallows, as measured by the mean duration of each begging bout, did not decrease significantly with temperature (Fig. 5B) . In starlings, temperature had no effect on the were not found; indeed, it was often difficult to find any difference in metabolic rates be- (AOU 1983 ) that differ in many aspects of nestling biology. Differences among species cannot be evaluated using statistical tests because of the small sample sizes available for several species. Some differences may be found among species with subsequent work; however, the overlap found suggests that such differences will not change the general conclusion that begging is not a costly trait. My analysis includes species that differ in many aspects of their biology and includes both cavity and cup-nesting species (Table 1) Given the dramatic changes passefine nestlings undergo in the first 10 days after hatching, the lack of a significant relationship between nestling age and AMR:RMR ratio is surprising. The incremental cost of begging, I, did increase significantly with age for both Tree Swallows and European Starlings. Since I is mass specific, this change represents an increase in cost with age that may be associated with a switch to a more demanding form of begging (pers. obs.).
The lack of a significant correlation between the percentage of each trial spent begging and the AMR:RMR in swallows and starlings likely is due to small sample sizes; when species are pooled, the effect of the amount of begging is significant (Fig. 6 ). There were dramatic differ- Based on oxygen consumption while running, using 20.08 J/ml 02.
• Assumes mass = 591 g, and 20.08 J/ml 02.
ß Mean of four individuals from Eberhardt (1994: table 1) using BMR of 3.31 ml O2.g -•.h -• and 20.08 J/ml 02.
• Includes both long-distance flight after displacement from nest and flights while feeding young.
Basal metabolic rate used instead of RMR, assuming mass of 2,500 g. 
